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Abstract 

Objectives: Cold hyperalgesia has been established as an important marker of pain severity in 

a number of conditions. This study aimed to establish the extent to which patients with knee 

OA demonstrate widespread cold, heat and pressure hyperalgesia. OA subjects with 

widespread cold hyperalgesia were compared to the remaining OA cohort to determine if 

they could be distinguished in terms of hyperalgesia, pain report, pain quality and physical 

function. 

Methods: 80 subjects with knee OA and 40 matched healthy controls participated. OA 

participants completed a washout of their usual medication. Quantitative sensory testing 

(QST) was completed at three sites using standard methods. Cold and heat pain thresholds 

(CPT, HPT) were tested using a Peltier thermode and pressure pain thresholds (PPT) using a 

digital algometer. All subjects completed the SF-36 questionnaire and OA subjects completed 

the PainDETECT, WOMAC and PQAS questionnaires.  

Results: OA subjects demonstrated widespread cold hyperalgesia (p<0.0001), had lower PPT 

at the index knee (p<0.0001) compared to controls and reported decreased physical health on 

the SF-36 (p=0.01). The OA sub-cohort with high global CPT (≥12.25°C) exhibited multi-

modality sensitization compared to the remaining OA cohort (PPT p<0.0001, CPT p<0.0001, 

HPT p=0.021 Index knee). This group also reported increased pain, decreased function and 

more features of neuropathic pain. 

Discussion: This study identified a specific sub-group of patients with knee OA who 

exhibited widespread, multi-modality hyperalgesia, more pain, more features of neuropathic 

pain and greater functional impairment. Identification of patients with this pain phenotype 

may permit more targeted and effective pain management. 

(250 words) 
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Introduction 

Osteoarthritis (OA) is a common arthritic disorder [1, 2] often associated with pain and local 

tenderness or pressure hyperalgesia around the affected joint(s) [3, 4]. Although knee OA has 

been considered the archetypal model of non-inflammatory or nociceptive pain [5] it is now 

recognised that some patients with knee OA also exhibit features of neuropathic pain [6], 

which may be associated with sensory deficits and widespread multi-modality hyperalgesia 

[7].  

Local and widespread pressure hyperalgesia is well established in patients with knee 

osteoarthritis, including evidence of pressure hyperalgesia at the contralateral knee or at sites 

in the upper or lower limb [4, 5, 7-10].  Research evaluating thermal hyperalgesia in this 

patient cohort is more limited. Cold and heat hyperalgesia has been demonstrated in hip 

osteoarthritis [3] and we have recently demonstrated widespread cold and pressure 

hyperalgesia in a pilot study in patients with knee OA [9] but no difference between OA and 

control subjects in cold or heat pain thresholds across three test sites was reported in one 

study evaluating knee OA [5]. Wylde et al. [7] reported no difference in heat pain threshold 

but did not analyze cold pain threshold data due to technical issues with their thermode 

measurement. Therefore, while there is considerable evidence that local and widespread 

pressure hyperalgesia is a common feature in people with painful knee OA, the potential 

importance of heat and cold hyperalgesia has yet to be fully established.   

Studies evaluating quantitative sensory testing (QST) data in other chronic musculoskeletal 

disorders suggest that pressure and cold hyperalgesia may co-present, for example in tennis 

elbow [11-13], spinal pain [14, 15], fibromyalgia [16], temporomandibular joint disorder [17] 

and whiplash associated disorder (WAD) [18]. An association between pain severity and 

chronicity and the presence of cold hyperalgesia has been suggested in WAD [19] and tennis 

elbow [20]. Based on the findings of systematic reviews, the presence of cold hyperalgesia 
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has been proposed as a major prognostic factor in the development of increased central 

sensitisation [21] and long term pain and disability in WAD [22, 23]. The presence of cold 

evoked pain is also recognized as an important feature in neuropathic pain states [24, 25] and 

has been linked to the presence of neuropathic pain following whiplash injury [26]. In 

combination, these findings indicate the value of identifying whether cold hyperalgesia is 

present alongside pressure hyperalgesia and heat hyperalgesia as these features may be linked 

to increased pain severity, greater functional impairment and also potentially to the 

development of neuropathic pain.  

The current study investigated the extent to which widespread cold, pressure and heat 

hyperalgesia is experienced by subjects with knee OA, compared with healthy controls. The 

study also tested sensory detection thresholds to determine if any sensory deficits were 

present. Z-score analysis was used to identify a sub-cohort of knee OA subjects who 

exhibited widespread cold hyperalgesia. This sub-cohort was compared to the remaining OA 

subjects to determine differences in QST measures, levels of pain, pain characteristics and 

perceived function.  

Methods 

Participants 

Eighty participants with painful knee OA and 40 pain-free healthy control subjects were 

recruited from the Perth community. Volunteers with painful knee OA (visual analogue scale 

score ≥3 of 10) were recruited and assessed for suitability by a Rheumatologist, using the 

American College of Rheumatology classification system [27]. Exclusion criteria included: 

history of systemic inflammatory conditions; neurological disorders affecting sensory or 

motor function; recent (<6 months) lower limb injury or surgery; or history of other chronic 

pain disorders (e.g. Fibromyalgia). Healthy pain-free volunteers were included if aged 50 

years or more, in good general health and with no current pain or history of OA.  

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited. This is an open-access article distributed under the terms of the
Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible to download and share the work provided it is properly cited.
The work cannot be changed in any way or used commercially.



 

All participants provided written informed consent before participating in the study. Ethical 

approval was provided by Royal Perth Hospital Medical Research Ethics Committee 

(Approval EC2009/100) and by Curtin University Human Research Ethics Committee 

(Approval HR26/2010). 

Study Design  

The study used a cross-sectional design, with subjects attending the laboratory at Royal Perth 

Hospital for one test session. Participants with OA underwent a washout period equal to five 

half lives of their analgesic or NSAID medication before testing. They were able to use 

paracetamol for analgesia if required but were asked to refrain from its use for 12 hours 

before testing. All subjects completed the Short from health survey (SF-36) quality of Life 

questionnaire [28]. Participants with knee OA also completed the Western Ontario and 

McMaster Universities (WOMAC) Osteoarthritis Index for the Knee [29], the PainDETECT 

questionnaire [30] and the Pain Quality Assessment Scale (PQAS) [31]. All participants then 

completed quantitative sensory testing measures. Order of testing was randomized between 

QST modalities, although for heat and cold stimuli, detection threshold was always tested 

before pain threshold.  

Quantitative Sensory Tests 

All quantitative sensory tests were applied in triplicate using standardized instructions at 

standardized sites: at the OA knee and the contralateral knee (medial joint line) and at the 

ipsilateral elbow over the extensor carpi radialis brevis (ECRB) muscle [32].   

Pressure Pain Threshold (PPT) was assessed using an electronic digital pressure algometer 

(Somedic AB, Sweden), a device that has consistently shown good reliability [33]. A 1cm² 

algometer probe was applied at 90° to the skin at a rate of 40kPa/sec. Subjects were 
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instructed to depress the hand-held switch as soon as the sensation of pressure became one of 

painful pressure [34]. Lower PPT values indicated increased sensitivity. 

Cold Detection and Cold Pain Thresholds (CDT & CPT) were measured using a Peltier 

thermode (Medoc, Israel) and standard Method of Limits [35]. The probe was attached to the 

test site with a Velcro™ strap. The temperature reduced at a rate of 1°C/sec from a baseline 

temperature of 32°C to a minimum of 0°C. Detection threshold (CDT) was always measured 

first. Participants were instructed to depress the hand-held switch as soon as they perceived 

any cooling change from baseline. For cold pain threshold, participants were instructed to 

press the switch as soon as the cooling sensation changed to one of painful cold. Some 

subjects failed to indicate cold pain before the thermode reached the minimum temperature of 

0°C. These participants were assigned a cold pain threshold of 0°C. Elevated CPT values 

indicated increased sensitivity. 

Warm Detection and Heat Pain Thresholds (WDT & HPT) were measured with the Medoc 

Peltier thermode using similar methodology to cold testing (baseline 32°C, 1°C/sec ascending 

ramp), with maximum temperature set at 50°C. WDT was defined as the temperature (°C) at 

which participants first perceived an increase in warmth from baseline, whilst HPT was 

defined as the temperature (°C) at which participants perceived that the heating sensation had 

become one of painful heat. Some subjects failed to indicate heat pain before the thermode 

reached the maximum temperature of 50°C. These participants were assigned a heat pain 

threshold of 50°C. Lower HPT values indicated increased sensitivity. 

Self-Report Questionnaires 

SF-36. Quality of Life was evaluated with the SF-36v2, which has demonstrated good 

validity and reliability for a range of conditions and for healthy subjects [28]. The tool 

measures the self-perceived impact of health status on quality of life via eight domains, using 
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Likert-type response categories. The current study calculated the physical and mental health 

sub-scales for analysis. 

 WOMAC was used to evaluate subjective pain, stiffness and functional limitation for OA 

subjects. This OA-specific self-report scale has been widely used to measure pain and 

disability from knee OA, demonstrating good internal validity and test-retest reliability [29].  

PainDETECT is a validated self-report tool that has been used to identify neuropathic pain 

features in a range of conditions [30]. The questionnaire uses a combination of VAS scale, 

body diagram and Likert-type questions to ask about everyday frequency of symptoms such 

as „electric shocks‟ or painful light touch. A total score is calculated, with subjects scoring 

less than 13/35 classified as „negative neuropathic‟ and 19+ as „positive neuropathic‟. 

PQAS was also used to provide data regarding the type of spontaneous pain experienced by 

OA subjects [31]. The questionnaire includes 17 questions about the type of pain plus 

additional numerical rating scales for unpleasantness and surface versus deep pain. Three 

specific pain sub-scores are then calculated [31]: paroxysmal, surface and deep. It has been 

suggested that differences between the deep and surface or paroxysmal subscales may 

differentiate  nociceptive-type and neuropathic-type pain [31]. 

Statistical Analysis 

Data were analyzed using SPSS version 20 (IBM Corp) with Alpha set at p<0.05. The data 

were analyzed in two stages. Initial comparisons were carried out between the OA and 

control groups. Kolmogorov-Smirnov tests determined that the QST and PQAS data were not 

normally distributed and so non-parametric tests (Mann-Witney U-test, Kruskal-Wallis test) 

were applied. WOMAC, PainDETECT and SF-36 data met the assumption of normality 

based on the Kolmogorov-Smirnov test and so were analyzed using parametric tests (t-test, 

One-way ANOVA).  
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Based on a previous study it was predicted that 20-30% subjects would present with elevated 

cold pain thresholds, potentially associated with more severe pain [9]. With an estimated 

sample size of n=20 for the elevated cold pain threshold group, it was calculated that the 

study would have 80% power to detect a between-groups mean difference of 38kPa (SD 

57kPa) in PPT, a 5.4˚C (SD 2.3˚C) difference in CPT and a 7.8 mm (SD 16mm) difference in 

total WOMAC score [9]. These values equate to a 15-20% between group difference [9]. 

Based on the elevated CPT group constituting 25% of the overall cohort a sample of 80 

subjects with knee OA was recruited for the study. 

Following initial comparisons and using the approach suggested by the German Research 

Network on Neuropathic Pain (DFNS) [36], Z-scores for all measures were calculated for 

individual subjects with knee OA using the mean and standard deviation data from the pain-

free control group. Data for cold and heat measures were converted to difference values from 

the baseline temperature of 32°C. All data were log transformed and the Z-score calculated 

using the following formula: 

 

𝑍 𝑠𝑐𝑜𝑟𝑒 =
(𝑋 Subject −  Mean Painfree controls)

SD Painfree controls
 

 

OA subjects with Z-scores outside the 95% confidence interval of the mean of the pain-free 

control group (Z-score < -1.96 or > 1.96) were identified and classified as abnormal. The 

percentage of abnormal subjects in the OA group for each measure at each site was calculated 

[7].   

 

A global CPT value (mean of all sites) was calculated and Z-scores determined. This 

identified that 35 out of 80 participants with OA exhibited a global CPT value that was at 
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least one Z-score higher than the control group mean. This indicates greater cold pain 

sensitivity. This high CPT (increased cold pain sensitivity) OA group was then compared to 

the remaining OA cohort and the pain-free control group using parametric and non-

parametric tests as appropriate. Correlations between global CPT and other key variables 

were also evaluated. 

Results 

Subject demographics 

The OA cohort comprised 80 participants (36 male: 44 female) with a mean age of 64 years 

(range 50-86 years). Mean BMI was in the overweight category, with 38% subjects 

categorized as obese. They reported moderate pain (WOMAC Pain 18.5/50) and functional 

disability (WOMAC function 53.4/250). Two thirds of the OA participants reported regular 

use of at least one analgesic medication: slow release high dose paracetamol (“Panadol 

Osteo”) (40%) or NSAIDs (36%). Two subjects reported opioid use. The participants self-

reported their most painful knee which was defined as the index knee.  

The pain-free cohort of 40 subjects (16 male: 24 female) had a similar mean age of 64 years 

(range 50-81 years), mean BMI in the overweight category but only 10% classified as obese.  

Comparisons between the OA and pain-free groups 

Pressure pain thresholds (OA Vs Control) 

OA participants had lower mean PPT than the pain-free controls at the index knee (P<0.0001) 

(Figure 1) but there was no significant difference in mean PPT values at the contralateral 

knee or the ECRB sites. Z-score analysis showed that 22.50% of OA subjects exhibited 

pressure hyperalgesia at the index knee, 16.25% at the contralateral knee and 3.75% at the 

ECRB site (Figure 2).  
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Cold detection and pain thresholds (OA Vs Control) 

OA participants had significantly reduced CDT at the index knee (p=0.008) and contralateral 

knee (p=0.027) but not at the ECRB site (p=0.132) (Figure 3). Cold pain thresholds were 

significantly higher at all sites (p<0.0001) in the OA group compared to the pain-free group 

(Figure 4). Z-Score analysis: 11.25% of OA participants had cold hypoesthesia at the index 

knee, 17.50% at the contralateral knee and 17.50% at the ECRB site. Cold hyperalgesia was 

present in a large percentage of OA subjects with 47.5% of participants exhibiting abnormal 

CPT at the index knee, 37.5% at the contralateral knee and 43.75% at the ECRB sites (Figure 

2).  

Warm detection and heat pain thresholds (OA Vs Control) 

Warm detection thresholds were significantly elevated at the index knee (p=0.01), 

contralateral knee (p=0.022) and ECRB sites (p=0.033) (Figure 5). However, there was no 

significant difference in HPT (Figure 6) at any site (index knee p=0.956, contralateral knee 

p=0.824, ECRB p=0.486). 8.75% of OA participants had heat hypoesthesia at the index knee, 

11.25% at the unaffected knee and 7.50% at the ECRB sites (Z-Score analysis). 10% of 

participants in the OA group exhibited heat hyperalgesia at the index knee with 15% and 

13.75% at the unaffected knee and ECRB site respectively (Figure 2).  

SF-36 (OA Vs Control) 

Participants with knee OA exhibited reduced scores on the physical health sub-scale of the 

SF-36 (p=0.01) but were not significantly different on the mental health sub-scale (p=0.513) 

compared to pain free controls. 

Comparison between the cold hyperalgesic and non-hyperalgesic OA sub-groups 

Following Z-score analysis of global CPT values 43.75% of the OA cohort were classified as 

cold hyperalgesic, equating to a CPT cut-off ≥12.25°C. This group had elevated cold pain 

thresholds indicative of increased cold pain sensitivity. The OA cohort was therefore divided 
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into a high CPT group (n=35) and a low CPT group (n=55). Comparisons were then made 

between these two OA sub-groups and the control group across the range of measures. 

Pressure pain thresholds (High CPT Vs Low CPT Vs Control) 

The Kruskal-Wallis test showed there was a significant difference in PPT at all sites 

(p<0.0001). Between group comparisons (Mann-Witney U) showed a significant difference 

in PPT between the high CPT and low CPT OA groups at all sites (p<0.0001: Figure 1) with 

the cold hyperalgesic OA group exhibiting greater pressure hyperalgesia. The cold 

hyperalgesic group also exhibited greater pressure hyperalgesia than the pain-free control 

group at the index knee (p<0.0001) and contralateral knee (p<0.0001) but no significant 

difference at the ECRB site (p=0.329) (Figure 1).  

Cold detection and pain thresholds (High CPT Vs Low CPT vs Control) 

There was a significant difference between groups in CDT (Kruskal-Wallis) at all sites (OA 

knee p<0.0001, contralateral knee p=0.001, ECRB p<0.0001). Between-group comparisons 

(Mann-Witney U) showed the low CPT OA group exhibited significantly reduced cold 

detection thresholds, indicative of impaired cold perception at all sites (index knee p=0.001, 

contralateral knee p=0.002, ECRB p=0.0001) (Figure 3). However, there were no significant 

differences in CDT between the cold hyperalgesic OA group and the control group (index 

knee p=0.467, contralateral knee p=0.853, ECRB p=0.161). The Kruskal-Wallis test was 

significant at all sites for CPT (p<0.0001). Between-group comparisons showed differences 

in CPT (p<0.0001) between the high CPT and low CPT OA groups at all sites (Figure 4) and 

also between the cold hyperalgesic group and the control group (p<0.0001) at all sites. No 

significant difference was seen between the low CPT group and the control group. 

Warm detection and heat pain thresholds (High CPT Vs Low CPT Vs Control) 

There was a significant group difference in WDT at the index knee (p=0.015) and ECRB sites 

(p=0.022) but not at the contralateral knee (p=0.073). Between-groups comparison showed 
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no significant differences in WDT between the two OA sub-groups (index knee p=0.168, 

contralateral knee p=0.961, ECRB p=0.082). A significant difference in WDT existed 

between the cold hyperalgesic OA group and the control group at the contralateral knee 

(p=0.046) but not at the other sites (index knee p=0.137, ECRB p=0.410) (Figure 5).  HPT 

was significantly different between groups at all sites (index knee p=0.021, contralateral knee 

p=0.037, ECRB p=0.01), Between-groups comparison showed that the cold hyperalgesic OA 

group exhibited greater heat hyperalgesia at all sites (index knee p=0.007, contralateral knee 

p=0.017, ECRB p=0.005) (Figure 6) compared to the remaining OA participants although 

HPT did not differ between the cold hyperalgesic group and the control group at any site 

(index knee p=0.098, contralateral knee p=0.08, ECRB p=0.216). 

SF-36 (High CPT Vs Low CPT Vs Control) 

There was a significant difference between groups for the SF-36 physical health sub-scale 

(F2,117= 4.649, P=0.011). Cold hyperalgesic OA participants had significantly reduced scores 

on the SF-36 physical health sub-scale compared to the pain-free group (p=0.006), although 

not compared to the remaining OA subjects (p=0.093). There was no difference in mental 

health sub-scale score (F2,117=0.140, P=0.87) between the three groups.   

WOMAC (High CPT Vs Low CPT) 

OA participants with elevated cold pain thresholds also reported significantly greater pain 

and more impaired function than the remaining cohort: WOMAC pain (p=0.014); WOMAC 

function (p=0.032), however there was no difference in WOMAC stiffness score (p=0.46) 

(Figure 7). 

PainDETECT and PQAS (High CPT Vs Low CPT) 

The high CPT OA sub-group exhibited more features of neuropathic pain, reporting 

significantly higher PainDETECT scores (p<0.0001) (Figure 7) and higher scores for PQAS 
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surface (p=0.017) and paradoxical (p=0.045) pain sub-scores but no difference in the PQAS 

deep pain sub-score (p=0.297) compared to the low CPT OA group (Figure 7). 

Correlations between Global CPT and other key variables 

The Global mean CPT measure showed significant correlations with PPT (r=-0.533, 

P=0.0001), CPT (r=0.893, P=0.0001) and HPT (r=-0.398, P=0.0002) at the index knee as 

well as well as PainDETECT score 0.566, P=0.0001), WOMAC Pain (r=0.323, P=0.003) and 

function (r=0.240, P= 0.032) scores and SF-35 Physical health sub score (r=-0.273, P=0.014). 

Global mean CPT was not correlated with ALF score (r=0.209, P=0.063), WOMAC stiffness 

(r=0.117, P=0.30) and SF-36 mental health subscore (r=-0.086, P=0.449).  

Discussion 

Findings 

Compared with pain-free controls, a cohort of 80 individuals with knee OA exhibited signs of 

widespread cold hyperalgesia, pressure hyperalgesia at the index knee and no evidence of 

heat hyperalgesia. When individuals with OA were divided into high and low CPT groups 

according to normalized Z-scores, there was clear differentiation, with the high CPT (cold 

hyperalgesic) sub-group showing widespread hyperalgesia to pressure and to thermal 

modalities compared with the remaining OA cohort. Importantly, the cold hyperalgesic group 

also reported higher pain levels, more reduced function and increased features of 

neuropathic-type pain, as compared with the low CPT group whose pain appeared to be more 

limited and nociceptive in quality. Interestingly, there was no difference in the scores for the 

mental health subscale of the SF-36 between any of the groups, suggesting that while the high 

CPT experienced more pain and functional limitation they did not appear to experience 

significantly elevated psychological distress. A single measure of global cold pain threshold 

clearly differentiated two OA sub-groups: one with modest pain and modest self-reported 

functional impairment and another with more widespread multi-modality hyperalgesia, much 
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greater levels of pain and dysfunction and more evidence of neuropathic-type pain. Further 

research is clearly warranted to determine if the presence of an elevated cold pain threshold is 

a useful prognostic indicator in patients with knee OA, as has been found with WAD and 

Tennis elbow [20, 22]. 

Our study confirmed previous research by demonstrating the presence of pressure 

hyperalgesia around the index knee in patients with OA. Although the cold hyperalgesic sub-

group showed some evidence of pressure hyperalgesia in the contralateral knee, evidence of 

widespread pressure hyperalgesia across the whole OA cohort was not seen, with no 

indication of any difference at the upper limb ECRB site. This contrasts with our previous 

findings [9] and the findings of Wylde et al [7] and Harden et al [5] who demonstrated the 

presence of pressure hyperalgesia at upper limb test sites. Further research is required to 

determine the extent to which widespread pressure hyperalgesia might vary in the total OA 

cohort. 

There were however clear differences in cold pain thresholds at all sites, indicating 

widespread cold hyperalgesia in the OA cohort. Our finding that a substantial proportion of 

OA participants (between 37.5% and 47.5%) exhibited cold hyperalgesia based on Z-scores 

has not previously been reported. Given the importance of elevated cold pain thresholds as an 

indicator of pain severity and chronicity in other conditions [19, 20, 22] this is a very 

important finding that has potential clinical implications for prognosis and warrants further 

investigation in OA.  

There were no significant differences in heat pain thresholds between the knee OA and pain-

free control groups, reflecting previous studies in OA [5, 7] and Tennis Elbow [11, 37]. 

However, the study found significantly increased HPT in the cold hyperalgesic sub-group 

compared with both the remaining OA cohort and the control group, suggesting there is a 

substantial sub-group of people with knee OA who experience widespread heat hyperalgesia. 
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This is also reflected in the 10% and 15% of subjects who had HPTs more than one Z-score 

less than the control group mean.  Our study is the first to identify a sub-group of OA 

sufferers with widespread, multi-modality hyperalgesia to heat, cold and pressure. This may 

be an important marker of central sensitization in this cohort. 

Consistent differences in cold and warmth detection thresholds existed between the OA and 

control groups at each test site. Subjects with knee OA exhibited elevated WDTs and reduced 

CDTs, reflecting impaired detection of both heat and cold. These findings were present at all 

test sites, perhaps suggestive of widespread sensory impairment. The impaired warmth 

detection seemed to be a feature of the entire OA cohort since there were no differences 

between the high and low CPT groups. In contrast, the difference in CDT appears to be 

predominantly driven by the low CPT (non cold hyperalgesic) group who demonstrated 

impaired cold detection compared with the cold hyperalgesic group. It might be thought that 

the cold hyperalgesic OA group was simply hypersensitive to all cold sensation, however 

their mean cold detection thresholds were not significantly different to the control group. This 

therefore suggests that the OA subjects with the greatest sensory impairment were not those 

exhibiting the greatest sensitization. It should be acknowledged that multiple comparisons 

increase the risk of Type 1 error for some of these measures. The presence of sensory 

impairments in patients with OA has been identified and requires further investigation.    

Implications for research and clinical practice 

The OA sub-group with cold hyperalgesia demonstrated widespread pressure hyperalgesia, 

similar to previous studies [5, 7, 9] but also widespread thermal hyperalgesia. This 

widespread multi-modality hyperalgesia (pressure, heat, cold) may be indicative of increased 

central sensitization [21, 38]. The cold hyperalgesic sub-group also had elevated pain and 

dysfunction scores on the WOMAC questionnaire although no difference in stiffness scores. 

This would suggest that they were experiencing greater pain severity and more functional 
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limitation than the remaining OA cohort. This sub- group also had significantly elevated 

scores on PainDETECT and on the surface and paradoxical components of PQAS, although 

not on the deep component, suggesting that they also exhibited more features of neuropathic 

pain than the remaining OA cohort. It must be noted that mean PainDETECT score for the 

cold hyperalgesic sub-group was 14.97, which is in the unclear category (13-18) rather than 

the positive neuropathic category (19+), meaning that this group would not meet established 

criteria for a neuropathic pain classification [39]. A number of previous studies have 

identified a sub cohort of people with knee OA who have elevated scores on the 

PainDETECT questionnaire, placing them in the positive neuropathic category [6, 40-42]. It 

remains an open question as to whether people with knee OA can be classified as having 

probable or definite neuropathic pain [39]. It has been suggested that elevated PainDETECT 

scores may be more reflective of centrally augmented pain rather than the presence of 

identifiable neuropathic pain [42]. 

Overall therefore, there were differences between the OA CPT sub-groups in multi-modality 

hyperalgesia, pain report, neuropathic pain features and perceived physical function, 

suggesting that the presence of cold hyperalgesia identifies a group with a more severe pain 

presentation. The suggestion that these people may be experiencing some degree of 

neuropathic pain has to be tempered by the fact that they exhibit only minor evidence of 

sensory deficit in warm detection thresholds. The additional pain sensitivity they exhibit may 

be reflective of more extensive sensitization within the nervous system and significant central 

augmentation of pain. It is apparent from this study that many of the differences in pain 

sensitivity between OA and pain-free cohorts are driven by a sub-group of less than 50% of 

subjects, with the remaining OA subjects exhibiting pain thresholds very similar to normal, 

painfree individuals. Future studies would therefore benefit from including CPT measures 

and determining the percentage of participants with multi-modality hyperalgesia in any OA 
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cohort. A recent study [43] demonstrated that patients with ongoing pain one year after total 

knee arthroplasty exhibit many similar features to the cold hyperalgesic cohort in this study 

including the presence of cold hyperalgesia, suggesting that this might be a potential indicator 

of poor outcomes following surgery. Evaluation of cold pain thresholds and identification of 

this sub-group in future intervention studies could provide valuable prognostic information 

that could help to determine if they have an increased likelihood of poor treatment outcomes 

following pharmacological, physical or surgical treatments. Elevated cold pain thresholds 

have been identified as an important prognostic indicator for WAD and Tennis Elbow and 

this measure may be of similar value in OA. 

Conclusion 

This study identified a substantial sub-group of patients with knee OA who exhibited marked 

cold hyperalgesia. These individuals demonstrated widespread, multi-modality hyperalgesia 

for cold, heat and pressure stimuli suggesting significant sensitization of their nociceptive 

systems. They reported more pain, more features of neuropathic pain and greater functional 

impairment than the remaining OA group.  

(3,963 words) 

Acknowledgements 

The authors wish to acknowledge financial support through an investigator initiated study 

grant from Merck Inc. We acknowledge technical assistance from Ms. Lisa Webster and we 

would like to express our gratitude to all patients and volunteers who participated in the 

study.  

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited. This is an open-access article distributed under the terms of the
Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible to download and share the work provided it is properly cited.
The work cannot be changed in any way or used commercially.



References 

1. Tsang, A., et al., Common chronic pain conditions in developed and developing 

countries: gender and age differences and comorbidity with depression-anxiety 

disorders. J Pain, 2008. 9(10): p. 883-91. 

2. Breivik, H., et al., Survey of chronic pain in Europe: prevalence, impact on daily life, 

and treatment. Eur J Pain, 2006. 10(4): p. 287-333. 

3. Kosek, E. and G. Ordeberg, Abnormalities of somatosensory perception in patients 

with painful osteoarthritis normalize following successful treatment. Eur J Pain, 2000. 

4(3): p. 229-38. 

4. Arendt-Nielsen, L., et al., Sensitization in patients with painful knee osteoarthritis. 

Pain, 2010. 149(3): p. 573-81. 

5. Harden, R.N., et al., The osteoarthritis knee model: psychophysical characteristics 

and putative outcomes. J Pain, 2013. 14(3): p. 281-9. 

6. Hochman, J.R., et al., Neuropathic pain symptoms in a community knee OA cohort. 

Osteoarthritis Cartilage, 2011. 19(6): p. 647-54. 

7. Wylde, V., et al., Somatosensory abnormalities in knee OA. Rheumatology (Oxford), 

2012. 51(3): p. 535-43. 

8. Imamura, M., et al., Impact of nervous system hyperalgesia on pain, disability, and 

quality of life in patients with knee osteoarthritis: a controlled analysis. Arthritis 

Rheum, 2008. 59(10): p. 1424-31. 

9. Moss, P., E. Knight, and A. Wright, Subjects with Knee Osteoarthritis Exhibit 

Widespread Hyperalgesia to Pressure and Cold. PLoS One, 2016. 11(1): p. 

e0147526. 

10. Edwards, R.R., et al., Variability in conditioned pain modulation predicts response to 

NSAID treatment in patients with knee osteoarthritis. BMC Musculoskelet Disord, 

2016. 17: p. 284. 

11. Wright, A., et al., Hyperalgesia in tennis elbows patients. Journal of Musculoskeletal 

Pain, 1994. 2(4): p. 85-89. 

12. Smith, J., et al., The influence of regional sympathetic blockade with guanethidine on 

hyperalgesia in patients with lateral epicondylalgia. Journal of Musculoskeletal Pain, 

1999. 7(4): p. 55-71. 

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited. This is an open-access article distributed under the terms of the
Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible to download and share the work provided it is properly cited.
The work cannot be changed in any way or used commercially.



13. Coombes, B.K., L. Bisset, and B. Vicenzino, Thermal hyperalgesia distinguishes 

those with severe pain and disability in unilateral lateral epicondylalgia. Clin J Pain, 

2012. 28(7): p. 595-601. 

14. O'Sullivan, P., et al., Sensory characteristics of chronic non-specific low back pain: A 

subgroup investigation. Man Ther, 2014. 19(4): p. 311-8. 

15. Steinmetz, A. and G.A. Jull, Sensory and sensorimotor features in violinists and 

violists with neck pain. Arch Phys Med Rehabil, 2013. 94(12): p. 2523-8. 

16. Smith, B.W., et al., Habituation and sensitization to heat and cold pain in women 

with fibromyalgia and healthy controls. Pain, 2008. 140(3): p. 420-8. 

17. Park, J.W., et al., Analysis of thermal pain sensitivity and psychological profiles in 

different subgroups of TMD patients. Int J Oral Maxillofac Surg, 2010. 39(10): p. 

968-74. 

18. Sterling, M., Identifying those at risk of developing persistent pain following a motor 

vehicle collision. J Rheumatol, 2006. 33(5): p. 838-9. 

19. Sterling, M., G. Jull, and J. Kenardy, Physical and psychological factors maintain 

long-term predictive capacity post-whiplash injury. Pain, 2006. 122(1-2): p. 102-8. 

20. Coombes, B.K., L. Bisset, and B. Vicenzino, Cold hyperalgesia associated with 

poorer prognosis in lateral epicondylalgia: a 1-year prognostic study of physical and 

psychological factors. Clin J Pain, 2015. 31(1): p. 30-5. 

21. Woolf, C.J., What to call the amplification of nociceptive signals in the central 

nervous system that contribute to widespread pain? Pain, 2014. 155(10): p. 1911-2. 

22. Goldsmith, R., et al., Cold hyperalgesia as a prognostic factor in whiplash associated 

disorders: a systematic review. Man Ther, 2012. 17(5): p. 402-10. 

23. Stone, A.M., et al., Measures of central hyperexcitability in chronic whiplash 

associated disorder--a systematic review and meta-analysis. Man Ther, 2013. 18(2): 

p. 111-7. 

24. Freeman, R., et al., Sensory profiles of patients with neuropathic pain based on the 

neuropathic pain symptoms and signs. Pain, 2014. 155(2): p. 367-76. 

25. Allchorne, A.J., D.C. Broom, and C.J. Woolf, Detection of cold pain, cold allodynia 

and cold hyperalgesia in freely behaving rats. Mol Pain, 2005. 1: p. 36. 

26. Sterling, M. and A. Pedler, A neuropathic pain component is common in acute 

whiplash and associated with a more complex clinical presentation. Man Ther, 2009. 

14(2): p. 173-9. 

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited. This is an open-access article distributed under the terms of the
Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible to download and share the work provided it is properly cited.
The work cannot be changed in any way or used commercially.



27. Recommendations for the medical management of osteoarthritis of the hip and knee: 

2000 update. American College of Rheumatology Subcommittee on Osteoarthritis 

Guidelines. Arthritis Rheum, 2000. 43(9): p. 1905-15. 

28. Gandhi, S.K., et al., Psychometric evaluation of the 12-item short-form health survey 

(SF-12) in osteoarthritis and rheumatoid arthritis clinical trials. Clin Ther, 2001. 

23(7): p. 1080-98. 

29. Jinks, C., K. Jordan, and P. Croft, Measuring the population impact of knee pain and 

disability with the Western Ontario and McMaster Universities Osteoarthritis Index 

(WOMAC). Pain, 2002. 100(1-2): p. 55-64. 

30. Freynhagen, R., et al., painDETECT: a new screening questionnaire to identify 

neuropathic components in patients with back pain. Curr Med Res Opin, 2006. 

22(10): p. 1911-20. 

31. Victor, T.W., et al., The dimensions of pain quality: factor analysis of the Pain 

Quality Assessment Scale. Clin J Pain, 2008. 24(6): p. 550-5. 

32. Riek, S., R.G. Carson, and A. Wright, A new technique for the selective recording of 

extensor carpi radialis longus and brevis EMG. J Electromyogr Kinesiol, 2000. 10(4): 

p. 249-53. 

33. Jones, D.H., R.D. Kilgour, and A.S. Comtois, Test-retest reliability of pressure pain 

threshold measurements of the upper limb and torso in young healthy women. J Pain, 

2007. 8(8): p. 650-6. 

34. Moss, P., K. Sluka, and A. Wright, The initial effects of knee joint mobilization on 

osteoarthritic hyperalgesia. Man Ther, 2007. 12(2): p. 109-18. 

35. Fruhstorfer, H., U. Lindblom, and W.C. Schmidt, Method for quantitative estimation 

of thermal thresholds in patients. J Neurol Neurosurg Psychiatry, 1976. 39(11): p. 

1071-5. 

36. Rolke, R., et al., Quantitative sensory testing: a comprehensive protocol for clinical 

trials. Eur J Pain, 2006. 10(1): p. 77-88. 

37. Wright, A., P. Thurnwald, and J. Smith, An evaluation of mechanical and thermal 

hyperalgesia in patients with lateral epicondylalgia. The Pain Clinic, 1992. 5(4): p. 

221-227. 

38. Wright, A., Recent concepts in the neurophysiology of pain. Man Ther, 1999. 4(4): p. 

196-202. 

39. Treede, R.D., et al., Neuropathic pain: redefinition and a grading system for clinical 

and research purposes. Neurology, 2008. 70(18): p. 1630-5. 

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited. This is an open-access article distributed under the terms of the
Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible to download and share the work provided it is properly cited.
The work cannot be changed in any way or used commercially.



40. Hochman, J.R., et al., Neuropathic pain symptoms on the modified painDETECT 

correlate with signs of central sensitization in knee osteoarthritis. Osteoarthritis 

Cartilage, 2013. 21(9): p. 1236-42. 

41. Ohtori, S., et al., Existence of a neuropathic pain component in patients with 

osteoarthritis of the knee. Yonsei Med J, 2012. 53(4): p. 801-5. 

42. Moreton, B.J., et al., Pain phenotype in patients with knee osteoarthritis: 

classification and measurement properties of painDETECT and self-report Leeds 

assessment of neuropathic symptoms and signs scale in a cross-sectional study. 

Arthritis Care Res (Hoboken), 2015. 67(4): p. 519-28. 

43. Wright, A., et al., Abnormal Quantitative Sensory Testing is Associated With 

Persistent Pain One Year After TKA. Clin Orthop Relat Res, 2015. 473(1): p. 246-54. 

  

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited. This is an open-access article distributed under the terms of the
Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible to download and share the work provided it is properly cited.
The work cannot be changed in any way or used commercially.



 

Figure Legends 

Figure 1. Pressure pain thresholds at each of the three test sites. There was a significant difference in 

PPT between the OA and control groups at the index knee (Panel A). There was a significant 

difference in PPT between the low CPT and high CPT groups at all sites (Panels A-C) and there was a 

significant difference between the high CPT and control group PPT measures at the index knee and 

the contralateral knee (Panels A and B). 

Figure 2. Percentages of OA subjects with test values more than one Z-score higher or lower than the 

95% confidence interval of the mean value for the control group. Values that indicate hyperalgesia are 

presented as positive scores. Values that indicate hypoesthesia are presented as negative scores. 

Figure 3. Cold detection thresholds at each of the three test sites. There was a significant difference in 

CDT between the OA and control groups at the index knee and the contralateral knee (Panels A and 

B). There was also a significant difference in CDT between the high and low CPT groups at all sites 

(Panels A-C). 

Figure 4. Cold pain thresholds at each of the three test sites. There was a significant difference in 

CPT between the OA and control groups at all sites (Panels A-C). There was also a significant 

difference in CPT between the low CPT and high CPT groups at all sites (Panels A-C) and there was a 

significant difference between the high CPT and control group CPT measures at all sites (Panels A-

C).  

Figure 5. Warm detection thresholds at each of the three test sites. There was a significant difference 

in WDT between the high CPT group and the control group at the contralateral knee (Panel B). There 

was also a significant difference in WDT between the OA and control groups at all sites (Panels A-C).  
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Figure 6. Heat pain thresholds at each of the three test sites. There was a significant difference in 

HPT between the low CPT and high CPT groups at all sites (Panels A-C).  

 

Figure 7. Comparison between low and high CPT groups for scores obtained for the WOMAC, 

PainDETECT and PQAS  (Mean ± SD) questionnaires. 
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